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Abstract 
The composite of oil palm empty fruit bunch fiber (OPEFB) which is the waste product of oil palm industry, environmentally 
friendly polycaprolactone (PCL) and nickel oxide (NiO) were fabricated by compounding all materials in the Thermo Haake 
blending machine. The 3.5x6.1x0.8 cm3 samples with different percentage of OPEFB/PCL/NiO ratio were prepared for dielectric 
measurement and analysis. The dielectric properties of the substrates were obtained with the open ended coaxial method for 
microwave frequency range between 0.2 MHz and 20 GHz. The results reveal that the permittivity values of the composite can 
be tuned by changing the ratio of OPEFB/PCL/NiO prior to compounding and blending. These composites may offer alternatives 
to Teflon, which is made primarily from petroleum, for applications in radio and communications, especially in the fabrication of 
antennas, transmission and other microwave components. 
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1. Introduction 
Past studies in polymer composites were focused on blending petroleum based polymer with renewable natural 
fibers and biodegradable materials.  
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Polymer-fiber composites are not only cheap to produce due to the availability of natural fibers, but also posses 
improved mechanical properties [1]. This paper aims to address the electrical properties of a substrate with different 
ratio of environmentally friendly polycaprolactone (PCL), nickel oxide (NiO) and oil palm empty fruit bunch fiber 
(OPEFB) from 0.2 MHz to 20 GHz in the microwave frequency band. OPEFB is considered in this study because it 
is a solid waste product of oil palm milling process which is widely and cheaply available. Utilizing OPEFB in this 
product may potentially save the environment from oil palm solid waste1. The OPEFB/PCL/NiO substrate can be 
used in the fabrication of microstrip antenna and transmission lines components which can be found in mobile 
communication, aerospace and defense industry. 
2. Methodology 
2.1 Preparation of the substrate 
 
The oil palm empty fruit bunch (OPEFB) was soaked in distilled water for 24 hours. Then the mixture was heated 
at about 100oC and removed from the oven. This process was repeated twice. Later, the fiber was filtered and 
washed with acetone and dried in an oven at 100oC to remove the wax layer of the fibers. The long chains of small 
molecules of the fiber were then grinded and sieved to the size of 250μm for use in the next step [1]. The 
compounding of OPEFB, PCL and NiO was carried out in a Thermo Haake blending machine at 70oC with rotor 
speed at 50 rpm in 10 min of blending. The substrates were prepared by placing 20 g of the blends into a mold with 
the dimension of 3.5x6.1 cm2 and thickness of 0.8 cm. The OPEFB/PCL/NiO composites were preheated for 10 
minutes with upper and lower platen temperature at 700oC. Breathing time of 10 minute was allowed to release 
bubble sand to reduce void. The OPEFB/PCL/NiO composites were then pressed at the same temperature for 
another 10 minutes at a pressure of 110 kbar and left to cool at a pressure of around 110 k/bar for 10 minutes. 
 
2.2 Measurement of dielectric properties 
 
All permittivity measurements were performed using the commercial industry de-facto standard Agilent 85070B 
open ended coaxial dielectric probe with the Agilent N5230A PNA-L Network Analyzer. Fig. 1 shows the 
measurement setup for dielectric measurements. 
 
Fig. 1. Dielectric measurement for (a) OPEFB; (b) NiO; (c) substrate 
3. Results and discussion 
The dielectric properties, Hf, of polymer composites consists of a real component which is called the dielectric 
constant and an imaginary component which is called the loss factor as shown in equation (1) [2]. 
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 Fig. 2 and 3 show the variation in dielectric properties of pure OPEFB, PCL and NiO. It can be observed that 
NiO exhibit the highest dielectric constant and loss factor while OPEFB exhibit the lowest dielectric constant and 
loss factor. As a matter of fact, the dielectric constant of OPEFB is close to dielectric constant of 
polytetrafluoroethylene (PTFE), or also known commercially as Teflon, which has a constant permittivity of 2.10 at 
all frequencies. Compounding, grinding and blending and all three materials into a solid composite will result in 
different dielectric properties highlighted in Fig. 4 and 5 which depends on OPEFB/PCL/NiO ratio.  
In Fig. 4, it can be clearly observed that the dielectric constant of all composites decreases as frequency increases. 
This may be attributed to space charge polarization. It is suggested that NiO consists of well conducting grains 
separated by thin insulating grain boundaries [3]. This causes the localized accumulation of charges under the 
applied external field and thereby enhancing the space charge polarization. Hence, dielectric constant is expected to 
be higher in values at low frequencies. At high frequencies, space charge carriers cannot line up their axes parallel to 
the field and thereby reducing the contribution of space charge polarization. Thus, dielectric constant is expected to 
be lower at high frequencies. Similar behavior was also reported for banana/sisal fiber reinforced polyester [4]. 
The variation of dielectric loss factor with increasing frequency for OPEFB/PCL/NiO composites is shown in 
Fig. 5. It can be observed that the loss factor decreases with increasing frequency. This might be due to fact that 
more energy is needed for hopping process in the low frequency region which corresponds to high resistivity. 
Hence, the loss factor is high in low frequency region. Since OPEFB fibers exhibit the lowest permittivity values as 
shown in Fig. 2, the compound with the highest percentage of OPEFB exhibits the lowest permittivity values at all 
frequencies among all compounds.  
These results show that the permittivity values of these composites can be tuned by changing the ratio of 
OPEFB/PCL/NiO prior to compounding and blending as opposed to Teflon which has a constant permittivity at all 
frequencies. Therefore, by tuning the permittivity values, these composites can be fabricated for specific 
applications in radio and communications, especially in the fabrication of antennas, transmission lines and other 
microwave components. Hence, these composites may offer better alternatives to Teflon which is widely used to 
fabricate radio frequency and microwave components. Teflon is made primarily from petroleum while the 
OPEFB/PCL/NiO composites are partly made from OPEFB which is a solid waste product of oil palm industry. 
Therefore, these composites could potentially minimize the impact of oil palm industry on environment waste by 
converting oil palm waste into useful products while reducing our dependence on petroleum based product such as 
Teflon. 
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Fig. 2. Dielectric constant for pure OPEFB, PCL and NiO 
 
Fig. 3. Loss factor for pure OPEFB, PCL and NiO 
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Fig. 4. Dielectric constant for OPEFB/PCL/NiO substrate 
 
 
Fig. 5. Loss factor for OPEFB/PCL/NiO substrate 
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4. Conclusion  
This research highlights the potential of OPEFB/PCL/NiO composites as alternative ingredients or materials to 
petroleum based Teflon in the fabrication of antennas, transmission lines and other microwave components. The 
performance of the components with different ratio of OPEFB/PCL/NiO in the frequency range 0.2MHz to 20 GHz 
is discussed. In essence, high percentage of OPEFB leads to low permittivity values while high percentage of NiO 
lead to high permittivity values. These tunable properties of OPEFB/PCL/NiO composites would make these 
composites a better alternative to Teflon for specific applications especially if specific dielectric properties of a 
substrate are desired. The OPEFB/PCL/NiO composites were made partly from oil palm industry waste which could 
potentially minimize the impact of oil palm industry on environmental. 
Acknowledgements 
Authors would like to thank Assoc. Prof. Dr. Nor Azowa Ibrahim for supporting this study. A patent was filed for 
this invention with patent number PI 2015700853. 
References 
1. Ibrahim NA, Hashim N, Abdul Rahman MZ, Wan Yunus WMZ. Mechanical Properties and Morphology of Oil Palm Empty Fruit Bunch—
Polypropylene Composites: Effect of Adding ENGAGETM 7467. J Thermoplast Compos 2011; 24(5):713-732. 
2. Pozar DM. Microwave engineering. John Wiley & Sons; 2009.  
3. Koops, CG. On the dispersion of resistivity and dielectric constant of some semiconductors at audio frequencies. Phys Rev 1951; 83: 121.  
4. Boudenneb A, Umadevic L, Ibosb L, Candaub Y, Thomasd S. Thermophysical properties of natural fibre reinforced polyester composites. 
Compos Sci Technol 2006; 66 (15): 2719–2725. 
 
